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(57)Abstract 

PURPOSE: To obtain a medium enabling high density recording, 
reproduction and rewriting at high speed by using a thin ternary 
Te-Ge-Bi film as a recording layer and selecting the compsn. 
rang so as to provide a stoichiometric compd. compsn. or a 
similar single compsn. 

CONSTITUTION: A material represented by a formula xGeTe(l-x) 
Bi2Te3 is produced from GeTe and Bi2Te3 as solid solns. In case 
of 0<x<1, the difference in free energy between the liq. phase 
(amorphous phase) and the crystal phase is large, the phase 
transition temp, is >100° C and the amorphous phase is stably 
present at room temp. In case of 0.1<x<0.8, a very stable 
amorphous state is obtd. A recording layer 2 of the material held 
between Si02 layers 3 is formed on a substrate 1. When the 
compsn of the material is within the region defined with four points 
A1 (38, 59, 3), B1 (50, 2, 48), C1 (70, 2, 28) and D1 (63, 34, 3); A2 
(42, 55, 3), B2 (53, 2, 45), C2 (64.5, 2, 33.5) and D2 (57, 40, 3); A3 
(44.5, 52, 3), B3 (55, 2, 43), C3 (63, 2, 35) and D3 (54, 43, 3); or A4 
(46.5, 41.5, 12), B4 (54, 6.5, 31.5), C4 (62, 4, 34) and D4 (55, 39, 6) 
by each compsn. of Te, Ge, Bi a satisfactory recording medium is 
obtd. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] The optical information record medium characterized by to be solid-solution xGeTe(l-x) 
Bi2Te3 (0< x<l) between GeTe which is the optical information record medium which is equipped with 
the record material layer which therefore changes the optical property to meanses, such as light and heat, 
in reversible on a substrate, and performs informational record, reproduction, and elimination using the 
change, and is a stable stoichiometry-[ the aforementioned record material layer ] compound, and 
Bi2Te3. 

[Claim 2] the claim characterized by a record material layer being stable solid-solution xGeTe(l-x) 
Bi2Te3 (O.K x<0.85) between the stoichiometry-compound GeTe and Bi2Te3 — an optical information 
record medium given in the 1 st term 

[Claim 3] The optical information record medium given in the 1st term of a patent claim with which 

composition of a record material layer is characterized by being stable stoichiometry-ternary-compound 

germanium3Bi2Te6, GeBi2Te4, GeBi4Te7, or solid-solution composition between these. 

[Claim 4] The optical information record medium given in the 1st term of a patent claim with which 

composition of a record material layer is characterized by being eutectic composition between GeTe and 

Bi2Te3. 



[Translation done.] 
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DETAILED DESCRIPTION 
[Detailed Description of the Invention] 

Field of the Invention this invention is with meanses, such as a laser beam, and relates to the optical 
information record medium which can carry out record reproduction of the information signal at high 
speed and with high density, and can be rewritten. 

Prior art The technology which irradiates a laser beam on thin films, such as a metal and coloring matter, 
is made to produce a local change, and carries out record reproduction of the information with high 
density is well-known, and the type thing in which additional record is possible is commercialized as the 
so-called write-once (WRITE-ONCE) type optical disk unit. Although the type thing in which ******** 
rewriting is possible is still a research stage, what is in a record layer until now with the material thin 
film which makes a principal component chalcogen, such as Te and Se, or the compound (chalcogen 
ghost) of those has been proposed. It is possible to produce the reversible phase change between an 
amorphous phase and a crystal phase comparatively easily in these matter and the system which 
especially makes Te a principal component, and various composition has been considered from an 
optical constant changing a lot by the meantime. 

It has the property desirable as record material which can rewrite a phase-change type - an amorphous 
phase is easy to be formed, when that Te has absorption also in the infrared region of light, the melting 
point's being as low as about 400 degrees C, and viscosity since the foundations of the structure consist 
of the atomic union of the shape of a chain of 2 coordination further are large and it cools from the 
liquid phase. However, crystallization temperature (Tx) cannot sell a low amorphous phase stable at a 
room temperature at a Te independent. Then, various additive elements were added to Te and the 
attempt which obtains a stable amorphous phase and which tries or controls the speed of liquid-crystal- 
izing has been made. 

For example, there are germanium 15Te81Sb2S2 (JP,47-26897,B), Te92germanium2As5 (applied 
physics Letters (APPLIED PHYSICS LETTERS), 18 (1971)P254), Te87germanium8Sn5 (applied 
physics Letters (APPLIED PHYSICS LETTERS), 46 (1985)P734), etc. This is all stabilizing the 
amorphous phase of Te by germanium addition. Moreover, it has succeeded in the attempt which raises 
crystallization speed having a TeGeAu system alloy (JP,61-219692,A), a TeGeSnAu system alloy 
(JP,61-270190,A), etc., dividing the chain structure of Te by adding Au, and raising an atomic diffusion 
rate. 

Trouble which invention tends to solve The purpose of this invention tends to perform record and 
elimination at high speed far compared with the conventional system. 

Conventionally, in the record-elimination method of using the phase change during an amorphous- 
crystal, generally change to an amorphous phase from a crystal phase is made into the record direction, 
and change to a crystal phase from an amorphous phase is conversely made into the elimination 
direction. The reason is because amorphous-ization is a high-speed process of quenching from the liquid 
phase so much, although crystallization is the process of annealing of an amorphous phase, or annealing 
from the liquid phase which requires time comparatively. That is, since irradiation time of a laser beam 
was shortened, I hear that recording rate could be enlarged and it was. 
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However, a new signal is recorded, erasing an information signal [ finishing / record / already ]. When 
performing the so-called simultaneous ****, this crystallization speed is also large again enough, and it 
is necessary to carry out. That is, you have to make it short to the same grade as the time which 
amorphous-ization (record) takes the time which crystallization (elimination) takes. Until now, the 
method of lengthening irradiation time of an elimination light spot by lengthening the length of the 
optical spot for elimination relatively rather than the length of the optical spot for record and 
reproduction using two optical spots record, the object for reproduction, and for elimination has been 
taken as a means to realize this so-called simultaneous *.***. However, the technology of putting two 
optical spots in order with a sufficient precision is required for this method on the same truck, and it had 
the problem of complicating optical system, on the design of equipment. And when it is going to 
rewrite, and speed tends to be further accelerated like the former from the speed about at most hundreds 
of K bytes / sec, for example, it is going to record by several megabytes / sec like a magnetic disk, the 
relative velocity of an optical spot and a record medium is set also to dozens of meters / sec, and actual 
irradiation time is [ dozens of ns and ] short **************** extremely. When it becomes like this, 
by the method of compensating with the above optical system, it does not correspond and go out but 
material with a very large crystallization speed is needed. 

Means for solving a trouble The 3 yuan system thin film of Te, germanium, and Bi is adopted, and it 
divides to a record layer, and the composition range is chosen so that it may become stoichiometry- [ the 
whole composition ] compound composition or a single phase composition according to it. 
Operation In the ternary system of germanium-Bi-Te, stoichiometry compound composition of 3 yuan, 
such as germanium3Bi2Te6, GeBi2Te4, and GeBi4Te7, exists between GeTe and Bi2Te3. In stable 
stoichiometry-compound composition, the difference of the free energy between a liquid state (it is an 
amorphous state to this appearance) and a crystallized state is large, and the large driving force for 
crystallization can be taken. Moreover, there is no problem that a property changes, without a phase 
separating also by the repeat of record and elimination, since a crystal phase is a stable single phase. 
Furthermore, the melting point is comparatively low and an amorphous phase tends to form this ternary 
system. The feature which was excellent as an optical record medium can be demonstrated — a 
sufficiently stable amorphous phase is obtained from crystallization temperature being high. 
Example As shown in 2nd [ ** ] view a-c, the optical information record medium of this invention 
forms the record layer 2 sandwiched with the derivatives 3, such as Si02, aluminum203, and ZnS, on 
the substrate 1 with smooth front faces, such as metals, such as resins, such as PMMA and a 
polycarbonate, aluminum, and copper, and glass, and is constituted. A derivative layer is not necessarily 
required for this invention, and it is effective in order to reduction-ize thermal injury on the resin base 
material by repeating a laser beam and irradiating it or deformation of the record layer itself, and 
evaporation. Moreover, it is possible to attach the light reflex layer 4 on the dielectric layer of the 
opposite side in which a laser beam carries out incidence in order to raise the absorption efficiency of a 
laser beam, and to also make a guard plate 5 rival further on this. 

this invention is characterized with composition of a record layer. A record layer is constituted for 3 
yuan, Te, Bi, and germanium, and the foundations of the composition are located on the line which 
connects two forming points of expressing the dual stoichiometry compound composition GeTe and 
Bi2Te3, as shown in a view 1 (b), and they can be expressed with the following empirical formulas. 
xGeTe and (1-x) Bi2Te3 (0< x<l) 

The reason for determining the concentration as the fundamental view which constitutes a record layer 
in the record medium of this invention, a concrete composition element, and a row hereafter is 
explained. 

More than Te can form other additives and compounds in the record medium of Te system as mentioned 
above, when it is contained superfluously, it becomes the cause by which that restricts an erasing speed. 
Then, how to increase the concentration of an additive and fix Te as a compound of a stoichiometric 
composition can be considered. However, Te alloy which only added one kind of element, for example, 
CdTe, SnTe, PbTe, Sn2Te3, Bi2Te3, GeTe, and AuTe2 grade are too high, and the reason and the 1 
melting point which are described below cannot fuse them easily, when the irradiation time of a laser 
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beam is short (record pulse). That is, record sensitivity is low. 

2) Crystallization temperature is too low and a stable amorphous phase cannot be formed. That is, 
reliability is missing. 

As a record layer from either which was said or both reasons, it is unsuitable. 

In inside, although GeTe has the low melting point comparatively with a stable amorphous phase and 
725 degrees C, considering that the output of this and the present practical laser diode is at most about 
30 - 40mW, there is a fault of a low in moisture resistance the top for which amorphous-izing is not 
easy. 

Then, this invention person etc. examined the compound of the ternary system containing Te, and found 
out what the ternary compound of germanium-Bi-Te is excellent in respect of the following as a record 
thin film, and is said. This system equips this system with some important specific and properties 1-4 so 
that it may state below. 

It is that the ternary-compound phase of the binary compound intermediate room of ends exists between 
GeTe and Bi2Te3 the first first like the compound 6 of two or more stoichiometric compositions, i.e., 
germanium3Bi2Te, GeBi2Te4, and GeBi4Te7. a view 3 - GeTe-Bi2Te3 - pseudo— duality -- a phase 
diagram is shown In a stoichiometry compound phase, a quick crystallization speed is obtained from the 
free energy in a crystallized state being low, and the difference of an energy level with an amorphous 
phase being large as mentioned above. 

The second has the crystal structure which was well alike mutually, and also in crystallization 
temperature, the melting point, etc., I hear that each above-mentioned compound phase shows a 
respectively very near value, and it has it. it can be considered that this is the following effect, i.e., the 
mixture which is three interphases as the whole even if record film composition is not strictly in 
agreement with one of the above-mentioned stoichiometric-composition phases, and it gives the 
advantage that a property does not change over the large composition range Especially, on the line of 
GeTe-Bi2Te3, the above, three stoichiometry compound composition, and the property of not changing 
at all were acquired. 

I hear that an amorphous phase with it is obtained, and there is the third point. [ the above-mentioned 
sufficiently high therefore crystallization temperature and ] [ stable ] The result which investigated the 
composition dependency is indicated to be the example of measurement of the crystallization 
temperature of the germanium-Bi-Te ternary system thin film which includes the composition on the 
line of GeTe-Bi2Te3 in the view 4 in an example 1 (a), (b), and (c) as a topographic contour plot, this - 
GeTe-Bi2Te3 - pseudo— duality - in a system, it turns out that crystallization temperature high enough 
is securable from a room temperature over a large field 

The fourth point was found out in the crystallization course, namely, GeTe-Bi2Te3 - pseudo— duality - 
- in a system, although the stable crystal phase in the room temperature was hexagonal, it turns out that 
the single face-centered cube type metastable phase which consists of 3 yuan, germanium, Bi, and Te, 
first appears as a first phase of crystallization It is thought that the atomic structure in a liquid state or an 
amorphous state is advantageous when that it is far more nearly isotropic than the atomic structure in a 
crystallized state, therefore the crystal form to produce is isotropic as much as possible shortens the 
diffusion length of the atom at the time of crystallization and crystallization time is shortened. It is 
known that a face-centered cubic lattice is one of the isotropic things also in crystal system. When 
performing heating cooling comparatively quickly like laser radiation, it is easy to produce a metastable 
phase. It turns out that a germanium-Bi-Te system thin film is suitable as an optical information record 
medium for the above reason. 

Next, the manufacture method of this invention is explained. The record medium of this invention can 
be formed by methods, such as vacuum deposition and sputtering. About sputtering, using the alloy 
target deduced from desirable composition can also use the compound mosaic target of area according to 
each composition. In the case of a vacuum deposition method, it is convenient for control of 
composition to prepare two or more sources and to take vapor codeposition. It is desirable that the 
electron gun of a triad and its power supply, and a thickness sensor (for example, quartz resonator) are 
prepared in this case, and the vacuum evaporationo rate from each source can be completely controlled 
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independently. 10-4Torr to 10-7Torr is enough as the degree of vacuum at the time of vacuum 
evaporationo. 

Hereafter, this invention is explained in full detail with a still more detailed example. 
Example 1 The test piece of the germanium-Bi-Te ternary system record medium of various 
composition was prepared by the method of the above-mentioned vacuum deposition, and the property 
was investigated. Evaluation of a property was performed from three points of the laser radiation time d 
required for a minimum laser radiation power P3. crystallization start required for the formation of 1 . 
phase-transformation temperature Tx2. amorphous. The sample made the record layer the thickness of 
about lOOnm at Tx measurement, using a Pyrex glass with 03mm [ in thickness ], and a diameter of 
8mm as a substrate. When the piece of a sample of an as-depo state was heated gradually, the 
temperature to which the chemical permeability starts change defined Tx. The temperature up was 
performed at 1 degree C/s in speed, acted as the monitor of the change of optical permeability in the 
meantime using helium-Ne laser, and detected point of inflection. This can estimate the thermal stability 
of an amorphous phase. 

Moreover, the vacuum evaporationo of lOOnm ZnS, lOOnm germanium-Bi-Te ternary system record 
film, and the 200nm ZnS was carried out one by one on this, using 12mm long, 10mm wide, and a 
PMMA board with a thickness of 1.2mm as a substrate, and the thing which made the substrate and the 
same PMMA board rival using ultraviolet-rays hardening resin on it was used for measurement of the 
amorphous-ized sensitivity P and the crystallization speed d. P narrows down the laser beam of a certain 
fixed pulse width to the record film surface of a crystallized state, and irradiates it, and the value which 
measured irradiation power required for amorphous-ization to begin is said. In this case, each sample 
performs laser radiation of the length of 10us(es) by 4mW power beforehand, fully carries out reserve 
melanism (crystallization), and measured after that the irradiation power which irradiation pulse width is 
fixed to 50ns, and only a laser output is changed, irradiates, and amorphous-ization can check as change 
of an optical reflection factor. This estimates record sensitivity. Moreover, d is irradiation time required 
for crystallization to begin, when the light from laser diode is irradiated as a spot of about 1 urn of 
diameters on the record film of an as-depo state by the lens system. In this case, irradiation power was 
changed by two to 25 mW, irradiation time was changed in the range of 10- 1000ns, and the conditions 
of quickest crystallization were searched for. This can estimate an erasing speed. 
A view 4 (a) is the example of measurement of Tx of GeTe-Bi2Te3 system. It turns out that 
permeability decreased rapidly at a certain temperature, and crystallization took place. 

(b) is the **** diagram which plotted Tx corresponding to each forming point, and connected the point 
of the same temperature on the 3 yuan composition diagram of germanium-Bi-Te. It turns out that the 
transition temperature which exceeds a room temperature far over the large composition range is 
obtained. 

(c) is the result of investigating about the composition ratio x of GeTe, and the relation of Tx to the 
composition on a line which connects the forming point of GeTe and Bi2Te3. As for the phase- 
transformation temperature of xGeTe and (1-x) Bi2Te3 (0< x<l) system, in any [ of x> 0 ] case, it turns 
out that an amorphous phase exists stably highly enough to 100 degrees C or more and a room 
temperature. In the field of further x>0.1, Tx is 140 degrees C or more, and it turns out that a very stable 
amorphous state is acquired. 

A view 5 is the result of measuring laser radiation time required for a crystallization start about the same 
system. Each curve is a velocity diagram, such as having plotted crystallization start pulse width d of 3 
yuan composition of germanium-Bi-Te when setting a laser power to 8mW corresponding to each 
forming point, and having connected the point of the same temperature, among drawing. In the 
composition on the line of GeTe-Bi2Te3, from that crystallization begins by about 30 to 100ns, and very 
short irradiation time, and a line, this shows that irradiation time required for crystallization increases, so 
that it shifts. However, when the gap from line composition is not so large, crystallization can be made 
to start by the laser radiation for about 200ns. The laser power was made still higher, the same thing was 
performed, and shortening of the laser radiation time of a crystallization start was checked to about 
14mW. 
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Next, amorphous-ized sensitivity was investigated. It can be said that that crystallization speed is large 
has possibility that amorphous ****** will be hard to be carried out conversely. Since measurement of 
the melting point by DSC showed that the melting point of the germanium-Bi-Te the film of 3 yuan near 
[ above-mentioned ] a line was comparatively near in the composition and the circumference on the 
above-mentioned line, the amorphous-ized sensitivity was investigated focusing on GeTe-Bi2Te3 
system. A view 6 shows the result. It turns out that amorphous-ization is realized by the about 20mW 
laser power also by the laser radiation of the very short time of 50ns in the field from this where the 
composition ratio x of GeTe is smaller than 0.85. Furthermore, with 33 and the compound composition 
of 50 or 75% in the composition ratio of GeTe, amorphous-ization is realized by the laser power of 13 
and 15 or 17mW, respectively. These values express that the amorphous-ized sensitivity of GeTe- 
Bi2Te3 system is fully enough low high compared with GeTe as compared with the case of a GeTe 
simple substance being 30mW or more. Although it becomes so high that it is closely related to the 
melting point and Bi2Te3 is approached, as stated previously, with Bi2Te3 simple substance, as for 
amorphous-ized sensitivity, Tx does not bear practical use a little low. In the eutectic composition 
between GeTe and Bi2Te3, and germanium4Bi37Te59, high record sensitivity and a comparatively 
stable amorphous phase can be simultaneously obtained from the thing of 593 degrees C and this system 
for which it has the low melting point most. 

Example 2 The result which used an X diffraction and DSC and next investigated the crystallization 
course of a germanium-Bi-Te ternary system thin film is shown. Two or more test pieces which 
deposited about lOOnm of some composition including the composition on a line were prepared, 
respectively on 0.3mm in thickness, and 20mm quartz glass of an angle. Although it annealed for about 
10 minutes in a non-processed thing and argon gas in each composition, the X diffraction pattern was 
investigated. The annealing temperature investigated the transformation points, such as crystallization 
temperature, using DSC beforehand, and was taken as the temperature of the right above of it. 
Consequently, the crystallization course as shown in the first table became clear. 







140°C 


200*0 


GeBi4Te7 


T^^y r X 


NaCI® 




GeBi2Te4 




NaClSJ 




Ge3Bi2Te6 
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NaClSJ 




Gel5Bi35Te90 








Gel9Bi25Te56 


r*^y 


NaClgJ 




Gel5Bi25Te60 


T^^y r X 


7x^7 tfi 





That is, it turns out that it can read appearing a hexagonal stable phase from the start in the composition 
shifted from the NaCl type metastable phase having considered as the first phase first from this table by 
the composition on that a state with unsettled having carried out 1 deposition is in an amorphous state, 
the 2 above, and a line, and having appeared, and three lines, and corresponds well with the appearance 
of the metastable phase with high-speed above-mentioned crystallization in the composition on a line. 
From DSC, about composition on a line, it was shown that both exoergic peaks accompanying 
crystallization and rapid heating peaks accompanying melting are also steep narrow one, and it was 
checked that these systems are single phases. 

Example 3 About each forming point corresponding to examples 1 and 2, the optical disk was made as 
an experiment and the dynamic characteristics was investigated. Ultraviolet-rays hardening resin was 
used for the disk on laminating Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. one by one 
with ZnS, germanium-Bi-Te the film of 3 yuan, and ZnS on the PMMA resin substrate with an equipped 
with the guide rail of light diameter [ of 130mm ], and a thickness of 1.2mm, and it made the same 
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PMMA board as a substrate rival as a protective layer, and constituted it. The thickness of each class is 
lower shell about 800A, and 1000A and 1600A, and is the light in a record layer. The dynamic circuit 
tester (deck) has one laser spot narrowed down circularly [ the diameter of 0.9um(s) (1/2 intensity) 
which served both as the object for record reproduction, and the object for elimination ], and the so- 
called over- writing record which writes and crushes the old signal by the new signal by making a laser 
output low highly at the time of elimination is tested at the time of record. The rotational speed of a disk 
recorded by turns on two frequency, 5MHz and 7MHz, on the basis of 20 m/sec (over-writing), and 
investigated the repeat life. It was defined as the number of times which serves as a 3dB decrease from 
early C/N as a life limitation, and the following conclusions of 1-3 were obtained. 

1) In the composition on a line, and C/N 50dB or more is obtained. [ at the time of record ] [ at the time 
of 15 to 24 mW and elimination ] [ in the power range of six to 12 mW ] Moreover, 1 million times or 
more of repeats are possible, moreover, a maximum of 30 m/sec — the over-writing check was carried 
out (rank 1) 

2) It becomes impossible to be able to finish erasing an old signal from the fall of an erasing speed, and 
the quality of a new signal deteriorates as it shifts from the composition on a line. In this case, the over- 
write [ lowering record frequency and making rotational speed late like 10 m/sec and 5 m/sec ] like the 
case of composition on a line. When it separates not much greatly, it becomes impossible however, to 
correspond in rotational speed. Moreover, it becomes easy to generate the noise considered to originate 
in phase splitting produced by the repeat. 

3) The permission width of face of a composition gap concludes that a view 6 shows from the above- 
mentioned line, is about +10at% in the direction of +10at% and Te to the direction of Bi, and 10,000 
times of repeats are possible for it in this range at the rotational speed of 5 or less m/sec (rank 4). In 
about +5at%, 100,000 times of repeats are possible to the direction of Bi at the rotational speed of 15 or 
less m/sec in the direction of Te +7at% similarly (rank 3). In about +3at%, 1 million times of repeats are 
still more possible +5at% at the rotational speed of 25 or less m/sec (rank 2). The composition field 
corresponding to each above-mentioned rank is shown in the second table. 
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m/ sec 




A B C D 
(Te,Ge,Bi)at% 








C(70,2,28) 
D(63,34,3) 


3. 


15 


12/8> 


A(42,55,3) 
B(53,2,45) 
C( 64. 5, 2, 33. 5) 
D(57,40,3) 


4. 


5 


8/5> 


A(44.5,52.5,3) 
B(55,2,43) 
C(63,2,35) 
D(54,43,3) 



Even if two or more laser spots were used for these disks like before with a natural thing, they can repeat 
record/elimination, rather, as conditions, the degree of option is large, and it was easier for them. 
Example 4 The environmental test of the disk in examples 1 and 2 was performed. Although each disk 
was left in environment-ization of 80 degrees C and 80RH% and being acted as the monitor of the 
reflection factor for one month, about the disk of composition of Above Tx of 140 degrees C or more, 
change was not accepted at all. Moreover, there was also no generating of rust etc. 
effect of the invention according to this invention — 2 with the very large transfer rate of one 
information as several M bytes/s ~ the long optical information record medium of 3 repeat life [ over- 
write / life ] is offered by the single laser beam 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Field of the Invention this invention is with meanses, such as a laser beam, and relates to the optical 
information record medium which can carry out record reproduction of the information signal at high 
speed and with high density, and can be rewritten. 

Prior art The technology which irradiates a laser beam on thin films, such as a metal and coloring matter, 
is made to produce a local change, and carries out record reproduction of the information with high 
density is well-known, and the type thing in which additional record is possible is commercialized as the 
so-called write-once (WRITE-ONCE) type optical disk unit. Although the type thing in which ******** 
rewriting is possible is still a research stage, what is in a record layer until now with the material thin 
film which makes a principal component chalcogen, such as Te and Se, or the compound (chalcogen 
ghost) of those has been proposed. It is possible to produce the reversible phase change between an 
amorphous phase and a crystal phase comparatively easily in these matter and the system which 
especially makes Te a principal component, and various composition has been considered from an 
optical constant changing a lot by the meantime. 

It has the property desirable as record material which can rewrite a phase-change type — an amorphous 
phase is easy to be formed, when that Te has absorption also in the infrared region of light, the melting 
point's being as low as about 400 degrees C, and viscosity since the foundations of the structure consist 
of the atomic union of the shape of a chain of 2 coordination further are large and it cools from the 
liquid phase. However, crystallization temperature (Tx) cannot sell a low amorphous phase stable at a 
room temperature at a Te independent. Then, various additive elements were added to Te and the 
attempt which obtains a stable amorphous phase and which tries or controls the speed of liquid-crystal- 
izing has been made. 

For example, there are germaniuml5Te81Sb2S2 (JP,47-26897,B), Te92germanium2As5 (applied 
physics Letters (APPLIED PHYSICS LETTERS), 18 (1971)P254), Te87germanium8Sn5 (applied 
physics Letters (APPLIED PHYSICS LETTERS), 46 (1985)P734), etc. This is all stabilizing the 
amorphous phase of Te by germanium addition. Moreover, it has succeeded in the attempt which raises 
crystallization speed having a TeGeAu system alloy (JP,61-219692,A), a TeGeSnAu system alloy 
(JP,61-270190,A), etc., dividing the chain structure of Te by adding Au, and raising an atomic diffusion 
rate. 

Trouble which invention tends to solve The purpose of this invention tends to perform record and 
elimination at high speed far compared with the conventional system. 

Conventionally, in the record-elimination method of using the phase change during an amorphous- 
crystal, generally change to an amorphous phase from a crystal phase is made into the record direction, 
and change to a crystal phase from an amorphous phase is conversely made into the elimination 
direction. The reason is because amorphous-ization is a high-speed process of quenching from the liquid 
phase so much, although crystallization is the process of annealing of an amorphous phase, or annealing 
from the liquid phase which requires time comparatively. That is, since irradiation time of a laser beam 
was shortened, I hear that recording rate could be enlarged and it was. 
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However, a new signal is recorded, ^^S^i^ M^SX* 
performing the so-called simultaneous * *** ^ c ^™^f same g^de as the time which 
is necessary to carry out. That is, you have to hi ^l£^(diiiriii£on) takes. Until now, the 
amorphous-ization (record) takes the ^^^^^^ lengthening the length of the 
method of lengthening irradia ion ^^^^fffL optical spot for record and 
optical spot for elimination relatively rather ^^J^ZLiJian, and for elimination has been 
reproduction using two optical spots record ^^joct ^However/the technology of putting two 
taken as a means to realize ^S^SS^Led for this method on the same truck, and it had 
optical spots in order with a sufficien t » 'WJ of equipment. And when it is going to 
the problem of complicating optical system, °« Resign oteq P most hun(k eds 

rewrite, and speed tends to be ^*^^^^Zb^ ' « *e a magnetic disk, the 
of K bytes / sec, for example it is going to t * dozen s of meters / sec, and actual . 

relative velocity of an optical spot and ^^^^^01^. When it becomes like this, 
™£?Z^o&%Zl™^ E Ive optical system, it does not correspond and go out but 
material with a very large crystallization speed is needed m ^ Bi is adopte d, and it 

Means for solving a trouble The 3 yuan system thin film _ o :i c , & . stoichiom etry-[ the 

atvides to a record layer, and the t0 * 

whole composition ] compound ^Hfometi? compound composition of 3 yuan, 

Operation In the ternary system of 8™^^ e ? SSbSZeen GeTe and Bi2Te3. In stable 
sVch as g ermanium3Bi2Te6, M^^*^ rfSS»Stgy between a liquid state (it is an 
stoichiometry-compound composition ^ <Wft^<«^ large , and the large driving force for 
amorphous state to this appearance) and a crystallized state si g > ch without a phase 

SsSlization can be taken Moreover, ^^Z^^SS^ is arable single phase, 
separating also by the repeat of record ^^^^^Zbom phase tends to form this ternary 
Furthermore, the melting point is ^^tSl can be demonstrated - a 
system. The feature which was ex ^^an optical "££____ ature being high . 

sufficiently stable amorphous phase is obtaine ^Smation rec0 rd medium of this invention 
Example As shown in 2nd [ ** ] view ^^^^"^ Si02, aluminum203, and ZnS, on 
forms the record layer 2 ^Z^ sa^ resins, such as PMMA and a 

the substrate 1 with smooth front faces, m ^^^^ a ^ M A derivative layer is not necessarily 
polycarbonate, aluminum, ^d c^ 

m^b^^ f 

^^^^ » raise - absorption efficiency of a 

Sam ana 7o also make a guard plate 5 rival A record layer is constitu ted for 3 

this invention is characterized with composition , f "^J^ are lo J ted on the line which 
yuan, Te, Bi, and germanium, and the ^^^^^^Z^po^ composition GeTe and 

SSSfflfio.^ * e f — empirical formulas - 

xGeTe and (1 -x) Bi2Te3 (0< x<l) fundamental view which constitutes a record layer 

7^, can form orher additives -^ItaSfflKS 
above, when it is contained «V^^^^^' T ^„ , compound of a stoichiometric 
Then, how to increase the concentration "^^'''Xoriv added one kind of element, for example, 
composition can he considered *Z^£%£f£g high, and the reason and the 1 
mt^pom, ^S££5££££ «- d£ easily, when the irradiation Ume of a laser 
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beam is short (record pulse). That is, record sensitivity is low. 

2) Crystallization temperature is too low and a stable amorphous phase cannot be formed. That is, 
reliability is missing. 

As a record layer from either which was said or both reasons, it is unsuitable. 

In inside, although GeTe has the low melting point comparatively with a stable amorphous phase and 
725 degrees C, considering that the output of this and the present practical laser diode is at most about 
30 - 40mW, there is a fault of a low in moisture resistance the top for which amorphous-izing is not 
easy. 

Then, this invention person etc. examined the compound of the ternary system containing Te, and found 
out what the ternary compound of germanium-Bi-Te is excellent in respect of the following as a record 
thin film, and is said. This system equips this system with some important specific and properties 1-4 so 
that it may state below. 

It is that the ternary-compound phase of the binary compound intermediate room of ends exists between 
GeTe and Bi2Te3 the first first like the compound 6 of two or more stoichiometric compositions, i.e., 
germanium3Bi2Te, GeBi2Te4, and GeBi4Te7. a view 3 GeTe-Bi2Te3 - pseudo— duality - a phase 
diagram is shown In a stoichiometry compound phase, a quick crystallization speed is obtained from the 
free energy in a crystallized state being low, and the difference of an energy level with an amorphous 
phase being large as mentioned above. 

The second has the crystal structure which was well alike mutually, and also in crystallization 
temperature, the melting point, etc., I hear that each above-mentioned compound phase shows a 
respectively very near value, and it has it. it can be considered that this is the following effect, i.e., the 
mixture which is three interphases as the whole even if record film composition is not strictly in 
agreement with one of the above-mentioned stoichiometric-composition phases, and it gives the 
advantage that a property does not change over the large composition range Especially, on the line of 
GeTe-Bi2Te3, the above, three stoichiometry compound composition, and the property of not changing 
at all were acquired. 

I hear that an amorphous phase with it is obtained, and there is the third point. [ the above-mentioned 
sufficiently high therefore crystallization temperature and ] [ stable ] The result which investigated the 
composition dependency is indicated to be the example of measurement of the crystallization 
temperature of the germanium-Bi-Te ternary system thin film which includes the composition on the 
line of GeTe-Bi2Te3 in the view 4 in an example 1 (a), (b), and (c) as a topographic contour plot, this — 
GeTe-Bi2Te3 — pseudo — duality - in a system, it turns out that crystallization temperature high enough 
is securable from a room temperature over a large field 

The fourth point was found out in the crystallization course, namely, GeTe-Bi2Te3 — pseudo — duality - 
- in a system, although the stable crystal phase in the room temperature was hexagonal, it turns out that 
the single face-centered cube type metastable phase which consists of 3 yuan, germanium, Bi, and Te, 
first appears as a first phase of crystallization It is thought that the atomic structure in a liquid state or an 
amorphous state is advantageous when that it is far more nearly isotropic than the atomic structure in a 
crystallized state, therefore the crystal form to produce is isotropic as much as possible shortens the 
diffusion length of the atom at the time of crystallization and crystallization time is shortened. It is 
known that a face-centered cubic lattice is one of the isotropic things also in crystal system. When 
performing heating cooling comparatively quickly like laser radiation, it is easy to produce a metastable 
phase. It turns out that a germanium-Bi-Te system thin film is suitable as an optical information record 
medium for the above reason. 

Next, the manufacture method of this invention is explained. The record medium of this invention can 
be formed by methods, such as vacuum deposition and sputtering. About sputtering, using the alloy 
target deduced from desirable composition can also use the compound mosaic target of area according to 
each composition. In the case of a vacuum deposition method, it is convenient for control of 
composition to prepare two or more sources and to take vapor codeposition. It is desirable that the 
electron gun of a triad and its power supply, and a thickness sensor (for example, quartz resonator) are 
prepared in this case, and the vacuum evaporationo rate from each source can be completely controlled 
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independently. 10-4Torr to 10-7Torr is enough as the degree of vacuum at the time of vacuum 
evaporationo. 

Hereafter, this invention is explained in full detail with a still more detailed example. 
Example 1 The test piece of the germanium-Bi-Te' ternary system record medium of various 
composition was prepared by the method of the above-mentioned vacuum deposition, and the property 
was investigated. Evaluation of a property was performed from three points of the laser radiation time d 
required for a minimum laser radiation power P3. crystallization start required for the formation of 1. 
phase-transformation temperature Tx2. amorphous. The sample made the record layer the thickness of 
about lOOnm at Tx measurement, using a Pyrex glass with 0.3mm [ in thickness ], and a diameter of 
8mm as a substrate. When the piece of a sample of an as-depo state was heated gradually, the 
temperature to which the chemical permeability starts change defined Tx. The temperature up was 
performed at 1 degree C/s in speed, acted as the monitor of the change of optical permeability in the 
meantime using helium-Ne laser, and detected point of inflection. This can estimate the thermal stability 
of an amorphous phase. 

Moreover, the vacuum evaporationo of lOOnm ZnS, lOOnm germanium-Bi-Te ternary system record 
film, and the 200nm ZnS was carried out one by one on this, using 12mm long, 10mm wide, and a 
PMMA board with a thickness of 1 .2mm as a substrate, and the thing which made the substrate and the 
same PMMA board rival using ultraviolet-rays hardening resin on it was used for measurement of the 
amorphous-ized sensitivity P and the crystallization speed d. P narrows down the laser beam of a certain 
fixed pulse width to the record film surface of a crystallized state, and irradiates it, and the value which 
measured irradiation power required for amorphous-ization to begin is said. In this case, each sample 
performs laser radiation of the length of 10us(es) by 4mW power beforehand, fully carries out reserve 
melanism (crystallization), and measured after that the irradiation power which irradiation pulse width is 
fixed to 50ns, and only a laser output is changed, irradiates, and amorphous-ization can check as change 
of an optical reflection factor. This estimates record sensitivity. Moreover, d is irradiation time required 
for crystallization to begin, when the light from laser diode is irradiated as a spot of about 1 um of 
diameters on the record film of an as-depo state by the lens system. In this case, irradiation power was 
changed by two to 25 mW, irradiation time was changed in the range of 10- 1000ns, and the conditions 
of quickest crystallization were searched for. This can estimate an erasing speed. 
A view 4 (a) is the example of measurement of Tx of GeTe-Bi2Te3 system. It turns out that 
permeability decreased rapidly at a certain temperature, and crystallization took place. 

(b) is the **** diagram which plotted Tx corresponding to each forming point, and connected the point 
of the same temperature on the 3 yuan composition diagram of germanium-Bi-Te. It turns out that the 
transition temperature which exceeds a room temperature far over the large composition range is 
obtained. 

(c) is the result of investigating about the composition ratio x of GeTe, and the relation of Tx to the 
composition on a line which connects the forming point of GeTe and Bi2Te3. As for the phase- 
transformation temperature of xGeTe and (1-x) Bi2Te3 (0< x<l) system, in any [ of x> 0 ] case, it turns 
out that an amorphous phase exists stably highly enough to 100 degrees C or more and a room 
temperature. In the field of further x>0.1 5 Tx is 140 degrees C or more, and it turns out that a very stable 
amorphous state is acquired. 

A view 5 is the result of measuring laser radiation time required for a crystallization start about the same 
system. Each curve is a velocity diagram, such as having plotted crystallization start pulse width d of 3 
yuan composition of germanium-Bi-Te when setting a laser power to 8mW corresponding to each 
forming point, and having connected the point of the same temperature, among drawing. In the 
composition on the line of GeTe-Bi2Te3, from that crystallization begins by about 30 to 100ns, and very 
short irradiation time, and a line, this shows that irradiation time required for crystallization increases, so 
that it shifts. However, when the gap from line composition is not so large, crystallization can be made 
to start by the laser radiation for about 200ns. The laser power was made still higher, the same thing was 
performed, and shortening of the laser radiation time of a crystallization start was checked to about 
14mW. 
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Next, amorphous-ized sensitivity was investigated. It can be said that that crystallization speed is large 
has possibility that amorphous ****** will be hard to be carried out conversely. Since measurement of 
the melting point by DSC showed that the melting point of the germanium-Bi-Te the film of 3 yuan near 
[ above-mentioned ] a line was comparatively near in the composition and the circumference on the 
above-mentioned line, the amorphous-ized sensitivity was investigated focusing on GeTe-Bi2Te3 
system. A view 6 shows the result. It turns out that amorphous-ization is realized by the about 20mW 
laser power also by the laser radiation of the very short time of 50ns in the field from this where the 
composition ratio x of GeTe is smaller than 0.85. Furthermore, with 33 and the compound composition 
of 50 or 75% in the composition ratio of GeTe, amorphous-ization is realized by the laser power of 13 
and 15 or 17mW, respectively. These values express that the amorphous-ized sensitivity of GeTe- 
Bi2Te3 system is fully enough low high compared with GeTe as compared with the case of a GeTe 
simple substance being 30mW or more. Although it becomes so high that it is closely related to the 
melting point and Bi2Te3 is approached, as stated previously, with Bi2Te3 simple substance, as for 
amorphous-ized sensitivity, Tx does not bear practical use a little low. In the eutectic composition 
between GeTe and Bi2Te3, and germanium4Bi37Te59, high record sensitivity and a comparatively 
stable amorphous phase can be simultaneously obtained from the thing of 593 degrees C and this system 
for which it has the low melting point most. 

Example 2 The result which used an X diffraction and DSC and next investigated the crystallization 
course of a germanium-Bi-Te ternary system thin film is shown. Two or more test pieces which 
deposited about lOOnm of some composition including the composition on a line were prepared, 
respectively on 0.3mm in thickness, and 20mm quartz glass of an angle. Although it annealed for about 
10 minutes in a non-processed thing and argon gas in each composition, the X diffraction pattern was 
investigated. The annealing temperature investigated the transformation points, such as crystallization 
temperature, using DSC beforehand, and was taken as the temperature of the right above of it. 
Consequently, the crystallization course as shown in the first table became clear. 







140°C 


200TJ 
(T — 


GeBi4Te7 




NaClS 




GeBi2T©4 




NaCIS 




Ge3Bi2Te6 




NaCIS 




Gel5Bi35Te50 


T^rJ^y r * 






Gel9Bi25Te56 


T^jvy r * 


HaCm 




Gel5Bi25Te60 









That is, it turns out that it can read appearing a hexagonal stable phase from the start in the composition 
shifted from the NaCl type metastable phase having considered as the first phase first from this table by 
the composition on that a state with unsettled having carried out 1 deposition is in an amorphous state, 
the 2 above, and a line, and having appeared, and three lines, and corresponds well with the appearance 
of the metastable phase with high-speed above-mentioned crystallization in the composition on a line. 
From DSC, about composition on a line, it was shown that both exoergic peaks accompanying 
crystallization and rapid heating peaks accompanying melting are also steep narrow one, and it was 
checked that these systems are single phases. 

Example 3 About each forming point corresponding to examples 1 and 2, the optical disk was made as 
an experiment and the dynamic characteristics was investigated. Ultraviolet-rays hardening resin was 
used for the disk on laminating Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. one by one 
with ZnS, germanium-Bi-Te the film of 3 yuan, and ZnS on the PMMA resin substrate with an equipped 
with the guide rail of light diameter [ of 130mm ], and a thickness of 1.2mm, and it made the same 
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PMMA board as a substrate rival as a protective layer, and constituted it. The thickness of each class is 
lower shell about 800 A, and 1000A and 1600A, and is the light in a record layer. The dynamic circuit 
tester (deck) has one laser spot narrowed down circularly [ the diameter of 0.9um(s) (1/2 intensity) 
which served both as the object for record reproduction, and the object for elimination ], and the so- 
called over-writing record which writes and crushes the old signal by the new signal by making a laser 
output low highly at the time of elimination is tested at the time of record. The rotational speed of a disk 
recorded by turns on two frequency, 5MHz and 7MHz, on the basis of 20 m/sec (over-writing), and 
investigated the repeat life. It was defined as the number of times which serves as a 3dB decrease from 
early C/N as a life limitation, and the following conclusions of 1-3 were obtained. 

1) In the composition on a line, and C/N 50dB or more is obtained. [ at the time of record ] [ at the time 
of 15 to 24 mW and elimination ] [ in the power range of six to 12 mW ] Moreover, 1 million times or 
more of repeats are possible, moreover, a maximum of 30 m/sec — the over- writing check was carried 
out (rank 1) 

2) It becomes impossible to be able to finish erasing an old signal from the fall of an erasing speed, and 
the quality of a new signal deteriorates as it shifts from the composition on a line. In this case, the over- 
write [ lowering record frequency and making rotational speed late like 10 m/sec and 5 m/sec ] like the 
case of composition on a line. When it separates not much greatly, it becomes impossible however, to 
correspond in rotational speed. Moreover, it becomes easy to generate the noise considered to originate 
in phase splitting produced by the repeat. 

3) The permission width of face of a composition gap concludes that a view 6 shows from the above- 
mentioned line, is about +10at% in the direction of +10at% and Te to the direction of Bi, and 10,000 
times of repeats are possible for it in this range at the rotational speed of 5 or less m/sec (rank 4). In 
about +5at%, 100,000 times of repeats are possible to the direction of Bi at the rotational speed of 15 or 
less m/sec in the direction of Te +7at% similarly (rank 3). In about +3at%, 1 million times of repeats are 
still more possible +5at% at the rotational speed of 25 or less m/sec (rank 2). The composition field 
corresponding to each above-mentioned rank is shown in the second table. 





mm 










A B CD 


m/sec 


(mW/mf) 


(Te,Ge,Bi)at% 


1. 


30 


15/6> 








(0.1<X<0.85) 


2. 


25 


15/8> 


A(38,59,3) 








B(50,2,48) 
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m/sec 


(■W/bW) 


ABCD 
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C(70,2,28) 
D(63,34,3) 


3. 


15 


12/8> 


A(42,55,3) 
B(53,2,45) 
C(64.5,2,33.5) 
D(57,40,3) 


4. 


5 


8/5> 


A(44.5,52.5,3) 
B(55,2,43) 
C(63,2,35) 
D( 54,43,3) 



Even if two or more laser spots were used for these disks like before with a natural thing, they can repeat 
record/elimination, rather, as conditions, the degree of option is large, and it was easier for them. 
Example 4 The environmental test of the disk in examples 1 and 2 was performed. Although each disk 
was left in environment-ization of 80 degrees C and 80RH% and being acted as the monitor of the 
reflection factor for one month, about the disk of composition of Above Tx of 140 degrees C or more, 
change was not accepted at all. Moreover, there was also no generating of rust etc. 
effect of the invention according to this invention — 2 with the very large transfer rate of one 
information as several M bytes/s — the long optical information record medium of 3 repeat life [ over- 
write / life ] is offered by the single laser beam 
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* NOTICES * 



any 



Japan Patent Office is not responsible for 
damages caused by the use of this translate 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




lb) Qe. 




[A view 2] 
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[A view 3] 
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[View 4 (b)] 
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[A view 5] 
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